Background Papillary breast lesions constitute a pathological heterogeneous group and display diverse clinical and imaging features. This study was conducted to analyze the upgrade rate of intraductal papilloma diagnosed on core needle biopsy and to assess the possible risk factors associated with upgrade to higher-risk lesions. We also examined the long-term outcomes in patients who received resection of the papillary lesions. Materials and methods The clinical and pathology records of 324 female patients who were diagnosed with papillary lesions based on core needle biopsy (CNB) from February 2010 to October 2016 at our institution were retrospectively analyzed. Patients were grouped by initial diagnosis into two groups (papilloma with or without atypia) and followed-up for long-term outcomes. For the upgrade to higher-risk lesions after excision, upgraded lesions were compared with benign papillomas for the collected variables. Results A total of 341 lesions were included for final analysis, and all were available for follow-up. Papillomas with or without atypia diagnosed by CNB were found in 9 and 332 lesions, respectively. Papillomas without atypia on CNB were treated by open excision (n = 265) or vacuum-assisted biopsy (VAB) (n = 67), which yielded similar event-free rate (p = 0.19). The upgrade rate of this group to higher-risk lesions was 9.9%. Peripheral (p = 0.011) lesions in postmenopausal (p = 0.001) or older (p = 0.001) patients with papillomas without atypia based on CNB showed significantly higher upgrade rates. Papillomas with atypia on CNB were all managed by open excision, and concurrent malignancy was found in two lesions. Conclusion In conclusion, our results support benign papillary lesions based on CNB require further treatment. Peripheral lesions occurring in older or postmenopausal women are at higher risk for upgrade.
Introduction
Papillary lesions of the breast include a broad spectrum of proliferative diseases, ranging from benign to malignant lesions [1] . In clinical practice, papillary lesions may appear as spontaneous nipple discharge, detection on mammography or, infrequently, a palpable mass [2] . Nevertheless, the clinical presentation or age of the patients is unreliable to differentiate between benign, atypical or malignant lesions [3] .
The diagnosis and treatment of papillary lesions is greatly challenging. Papillomas are usually detected by mammography and ultrasound (US) and subsequently diagnosed by fine needle aspiration (FNA), core needle biopsy (CNB) and vacuum-assisted biopsy (VAB) [4] . Although imaging-guided CNB is a reliable method for the diagnosis of breast lesions, papillary lesions identified at percutaneous biopsy can be difficult to interpret histologically [5] . Also, limited material or sampling error at CNB may result in missing the presence of atypia or malignancy within or adjacent to the lesion [6] .
Surgical excision is typically performed for papillary lesions following CNB and generally recommended to rule out concurrent malignancy when a diagnosis of papilloma with atypia is yielded on CNB [7] . For papillomas without atypia, however, recommendations for excision versus observation are conflicting. Some prefer surgical excision because 17-24% of lesions can be underestimated by CNB [8] while others support follow-up with repeated imaging owing to low rates of malignancy of benign papillomas [9] . Although excisional biopsy is considered gold standard, for treating papillary lesions, VAB has been proved to be effective in removing benign papillomas instead of excisional biopsy [4] .
The primary aim of this study was to evaluate the rate of upgrade to higher-risk lesions of papillomas diagnosed on CNB. We also sought to analyze the possible risk factors for upgrade. The secondary aim was to determine the longterm outcomes in patients who had resection of the papillary lesions.
Patients and methods
A total of 429 patient records were drawn from the pathology computer database at our institution for women who underwent a biopsy between 2010 and 2016, using a keyword-based search with words including ''papilloma,'' and ''papillary.'' All duplicated records were removed (n = 70). Patients were excluded if breast cancer was diagnosed on initial core needle biopsy (CNB) (n = 17) or initial excision (n = 12). Patients who were followed-up less than 6 months (n = 1) and those who had a history of breast cancer (n = 4) were also removed. Patients in whom no papillary lesion or papilloma was found on excision were also excluded (n = 1). The study cohort comprised 324 patients and yielded 341 lesions for final analysis (Fig. 1) . Two groups were defined based on CNB diagnosis: papilloma without atypia and papilloma with atypia.
CNB was performed using a 14 G needle. All patients who had a CNB underwent excision. VAB was performed using an 8 G needle (Mammotome Ò Biopsy System 300 E Business Way, Cincinnati, OH).
The slides from the surgical pathology were re-evaluated for this study. According to the World Health Organization (WHO) Classification of Breast Tumors, papillary lesions of the breast can be classified as intraductal papilloma, intraductal papilloma with atypical ductal hyperplasia (ADH) or with ductal carcinoma in situ (DCIS) or with lobular neoplasia (LN), papillary DCIS, encapsulated papillary carcinoma and solid papillary carcinoma. In this study, ''atypia'' within a papilloma was defined as the presence of ADH or atypical lobular hyperplasia (ALH). Lesion locality was defined according to ultrasound findings. A lesion within 2 cm of the nipple was defined as a central lesion, and any location further away was defined as a peripheral location.
Patients received both clinical breast examination and routine breast ultrasound examination on follow-up. The occurrence of events during the follow-up period (until the 31st October 2018) was evaluated using the Kaplan-Meier method. Lesions that occurred during the follow-up were classified as papilloma without atypia, papilloma with atypia and breast cancer. All statistical tests were performed at an alpha level of 0.05. The Stata 12.0 software was used for all analysis.
Results

Patient characteristics
A total of 341 papillary lesions were diagnosed by CNB. The mean age of the patients was 43.5 years (median: 43 years; range: 18-79 years), and most of the patients were premenopausal (n = 266, 82.1%). Asymptomatic lesions which were detected by imaging accounted for 40.8% (n = 139). Overall, 140 lesions (41.1%) occurred as palpable tumors and 86 lesions(25.2%)presented with abnormal nipple discharge. Nipple discharge appeared in 24 palpable lesions (7.0%).
CNB was mostly indicated according to radiologic findings. All the lesions diagnosed as papilloma without atypia (n = 332) on CNB presented with abnormal nipple discharge, of which 34 could be found on ductoscopy, and 137 were palpable. Lesions diagnosed as papilloma with atypia (n = 9) on CNB did not present with a nipple discharge, and only three were palpable. There were 133 and 6 asymptomatic lesions in those without or with atypia, respectively.
Treatment
Surgical excision including open biopsy (OB) or VAB following CNB evaluation was performed for all lesions. (Fig. 2 ) For papillomas without atypia, OB or VAB was performed in 265 and 67 lesions, respectively. Those excised using OB turned out to be pure papillomas in 238 lesions, concurrent malignancy in 6 lesions and papillomas with atypia in 21 lesions. Those removed by VAB were found to be benign papillomas in 61 lesions, concurrent malignancy in one lesion and papilloma with atypia in 5 lesions. The lesion diagnosed as malignancy by VAB was subsequently excised using OB, and the pathological finding was consistent with the result of VAB. Invasive carcinoma was not found in any lesion. All of the 9 lesions that were considered papillomas with atypia based on CNB were removed using OB, of which the pathological findings of the surgical specimen were three papillomas, two malignancies and four atypical papillomas. Patients underwent mastectomy or lumpectomy when malignancy was confirmed by OB. Patients received chemo-preventive therapy, either tamoxifene or tomirefene, when atypia was diagnosed.
Re-classification Table 1 summarizes the results of comparison among clinical variables for upgrade rates among papillomas without atypia on CNB. The upgrade rate of this group to higher-risk lesions (cancer or atypia) was 9.9% (33 of 332 lesions). Lesions in older or postmenopausal patients showed a significantly higher rate of upgrade than those in younger (p = 0.001) or premenopausal (p = 0.001) patients. Peripheral lesions were more likely to upgrade than central lesions (p = 0.011). No significant difference as to surgical history of benign breast tumor, family history of breast cancer, nipple discharge or palpable disease in upgrade rate was found.
The mean age of the nine patients whose lesions [solid papillary carcinoma (n = 4); ductal carcinoma in situ (n = 5)] were reclassified as malignancy was 50.4 years (median: 47 year; range: 39-63 year). Five of these patients were premenopausal, and one had a family history of breast cancer. One of these patients presented with abnormal nipple discharge, and five had a palpable mass.
Follow-up
Follow-up data were available and analyzed for all lesions that were treated either by VAB or OB after CNB. All patients were alive when follow-up was censored on October 31, 2018. The median follow-up time was 44.5 months and ranged from 16 months to 101 months. Kaplan-Meier analysis was performed with the time of surgical excision as the index point, and patients were censored according to events occurring during the followup period, including recurrence of the papilloma (n = 9; 60.0%), detection of another high-risk lesion (n = 1; 6.7%), or malignancy (n = 5; 33.3%). In 15 cases, a subsequent lesion was found and was considered as an event in the Kaplan-Meier curve. (Fig. 2) .
Malignancy developed in five papillomas without atypia based on CNB during follow-up: two lesions were diagnosed as papillomas with atypia on open biopsy, and three lesions were diagnosed as benign papillomas on VAB (n = 1) and open biopsy (n = 2). One of the papillomas recurred and developed malignancy at follow-up period of 8 months and 33 months, respectively. One atypical papilloma and six benign papillomas occurred in another seven papillomas without atypia both on CNB and on open biopsy. Among papillomas with atypia on CNB, benign papillomas occurred in two lesions which were diagnosed with atypia on open excision. (Fig. 2) . The overall event-free rate (EFS) for all lesions was 95.9%. No significant differences were found in papillomas without atypia treated using OB or VAB after CNB (p = 0.19) (Fig. 3) .
Discussion
The preferred management following the diagnosis of papillary lesions of the breast based on CNB has been contentious. Surgical excision of papillary lesions is widely recommended especially for those with atypia due to their high association with malignancy. However, the case is not the same with the treatment of papillary lesions without atypia. Discrepancy as to the upgrade rate from a papillary lesion without atypia to a cancer diagnosis has been noted, ranging from 2 to 33% [10] . The reason for this discrepancy has been intensively investigated. Factors such as lesion size, nipple discharge and palpable disease, have been reported to be associated with upgrading; however, results are not consistent. We investigated the upgrade rate of papillary lesions from their initial CNB diagnosis, the effect of managing papillary lesion without atypia using VAB and the likelihood of occurrence of papilloma or cancer on long-term follow-up for every patient.
Our study looked at a cohort of 324 patients with 341 papillary lesions with or without atypia diagnosed by CNB. Our study showed a nearly 10% (33/332, 9.9%) of papillomas without atypia which were underestimated by CNB would, on excision, have atypia or malignancy while Wyss et al. [4] noted 8.7% lesions were reclassified from a benign papillary lesion to a higher-grade lesion or malignancy. We also found that two out of nine papillomas with atypia (22.2%) on CNB were upgraded to malignancy. A meta-analysis suggested that more than 1/3 of the papillary lesions with atypia on CNB were upgraded to cancer compared with that only 7% of those without atypia were upgraded to cancer [7] . Sidrah Khan et al. [11] also found that concomitant invasive or ductal in situ cancer appeared in a greater than 30% of cases on excision of which the initial CNB diagnosis was papilloma with atypia while the likelihood of cancer was much lower in those without atypia on CNB. Since our study yielded similar results to that in the literature, we agree that papillomas diagnosed by CNB should be considered for further treatment.
Research has been carried out to identify the possible risk factors for malignant papillomas, including patient age on diagnosis, lesion location, the presence of nipple discharge, tumor size and radiologic findings. The impact of age was controversial that some showed a higher underestimation rate in patients age under 50 years, whereas others concluded differently [6, 12] . Peripherally located [3] and larger papillomas [6, 12, 13] are also more likely to be underestimated than centrally located and smaller papillomas. In our study, we found a significantly higher upgrade rate of lesions located peripherally in older or postmenopausal patients, which is consistent with the literature. We failed to demonstrate that the presence of a nipple discharge or palpable disease correlated with upgrade.
VAB is considered more accurate in terms of both sensitivity and specificity than CNB. Some have proposed conservative management of papillary lesions of the breast by VAB instead of by open biopsy. Chang et al. [13] performed US-guided VAB to remove lesions, none of which were reclassified as high risk. Wyss et al. also demonstrated that VAB of papillomas did not underestimate the pathology when compared to excision biopsy 4 .
Given that VAB is less invasive, less expensive and quicker to perform, it may be preferred over open biopsy, which is the current gold standard in treating papillary lesions 4 . At our institution, we are experienced in using VAB to treat selective small benign breast tumors (B2 cm). In this study, lesions without atypia based on CNB which were excised by VAB did not seem more likely to recur or develop malignancy. Therefore, papillary without atypia diagnosed by CNB can be managed by VAB. However, further research is required to assess the safety of this approach. We followed all patients for a median period of 44.5 months (range 16-101 months) and assessed the likelihood of papilloma recurrence and higher-risk lesions on long-term follow-up. The overall event-free survival (EFS) was 96.1% for papillomas without atypia on CNB, compared to 77.8% for papillomas with atypia. This indicates that the finding of atypia with a papillary lesion tends to be at a higher risk for recurrence or developing upgraded lesions during long-term follow-up, although the group of papillomas with atypia was too small for meaningful analysis.
Our study had some limitations. First, we performed a retrospective study based on a single breast center. However, this study represents one of the largest cohorts of its kind published to date since it is difficult to establish a large cohort of patients with such a rare diagnosis. Second, the median follow-up of 44.5mo is relatively short and some recurrence or even malignancy may not be detectable at this time. Third, the group of patients diagnosed with papillomas with atypia on CNB is too small to allow further analysis of intergroup difference.
Conclusion
In conclusion, our results support further treatment for papillomas diagnosed by CNB, especially for peripherally lesions and those occurring in older or postmenopausal women. In our experience, VAB is an accurate method for the diagnosis and treatment for papilloma, and therefore we propose that benign papillary lesions based on CNB can be excised by VAB or OB. However, further studies based on larger cohort with longer follow-up period are essential.
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